Abstract. How does the visual system recognise stimuli presented at different orientations? According to the multiple-views hypothesis, misoriented objects are matched to one of several orientation-specific representations of the same objects stored in long-term memory. Much of the evidence for this hypothesis comes from the observation of group mean orientation effects in recognition memory tasks showing that the time taken to identify objects increases as a function of the angular distance between the orientation of the stimulus and its nearest familiar orientation. The aim in this paper is to examine the validity of this interpretation of group mean orientation effects. In particular, it is argued that analyses based on group performance averages that appear consistent with the multiple-views hypothesis may, under certain circumstances, obscure a different theoretically relevant underlying pattern of results. This problem is examined by using hypothetical data and through the detailed analysis of the results from an experiment based on a recognition memory task used in several previous studies. Although a pattern of results that is consistent with the multiple-views hypothesis was observed in both the group mean performance and the underlying data, it is argued that the potential limitations of analyses based solely on group performance averages must be considered in future studies that use orientation effects to make inferences about the kinds of shape representations that mediate visual recognition.
Introduction
One empirical observation that has attracted much attention in vision research is that the time taken to identify certain kinds of objects is dependent on stimulus orientation. These orientation effects have been used to make inferences about the kinds of cognitive processes and mental representations of object shapes that mediate recognition. One widely held hypothesis is that they reflect the operation of a spatial-transformation process that aligns a viewer-centred perceptual representation of the stimulus to match a stored orientation-specific long-term-memory representation of object shape (eg Edelman and Bulthoff 1992; Edelman and Weinshall 1991; Jolicoeur 1985; McMullen and Farah 1991; Maki 1986; Poggio and Edelman 1990; Rock 1973; Schwartz 1981; Tarr 1995; Tarr and Bulthoff 1995; Tarr and Pinker 1989) .^ However, within the framework of this general hypothesis, there are different specific proposals about the kinds of orientation-specific representations that mediate recognition and the conditions under which they are encoded and accessed (eg Biederman and Gerhardstein 1993; Hamm and McMullen 1998; Murray et al 1993; Takano 1989; Tarr and Bulthoff 1995; Tarr and Pinker 1990; Wiser 1981) . In part this debate rests on the specific kinds of orientation effects that have been observed with particular kinds of stimuli in different tasks. For example, in several studies it has been shown that the time taken to name line drawings of certain common objects depends on the angular distance between the image-plane orientation of the stimulus and its familiar upright orientation (eg Arguin and Leek 1995; Jolicoeur 1985; Leek 1996 Leek , 1998 McMullen and Farah 1991; Schwartz 1981) . This finding has been taken as evidence that during recognition stimuli are aligned to match stored representations that encode shape descriptions at a familiar canonical orientation (Jolicoeur 1985; Palmer et al 1981; Ullman 1989; Wiser 1981 ).
(I) Although this general hypothesis is not universally accepted (eg Robertson et al 1987; Wagemans et al 1996) .
In contrast, other evidence suggests that recognition is not always mediated by canonical orientation-specific representations (eg Leek 1998; Takano 1989; Tarr and Pinker 1990; Wiser 1981) . One important finding has come from recognition memory tasks in which subjects are first trained to identify novel shapes presented at two or three different practice orientations. In a subsequent test phase the same shapes are presented for identification at the practice orientations and several unfamiliar test orientations. In a number of studies involving this paradigm it has been found that group mean identification latencies increase as a function of the angular distance between the orientation of the stimulus and the nearest practice orientation rather than any single orientation (eg Leek 1996; Tarr 1995; Tarr and Bulthoff 1995; Tarr and Pinker 1989) . This finding has been taken as evidence that long-term memory stores several different orientation-specific representations of the same objects rather than a single canonical representation, and that recognition is achieved by aligning misoriented stimuli to the nearest stored orientation-a proposal that has been referred to as the multipleviews hypothesis (eg Tarr 1995; Tarr and Bulthoff 1995; Tarr and Pinker 1989) .
The aim in this paper is to examine the validity of this interpretation of group mean orientation effects in recognition memory tasks. In particular, it is argued that previous reports which show group mean effects that appear consistent with the alignment of misoriented stimuli to the nearest practice orientation cannot necessarily be taken as support for the multiple-views hypothesis. This argument is based on the demonstration that standard analyses of orientation effects may, under certain circumstances, obscure a different theoretically relevant underlying pattern of results.
The paper is organised as follows. First, this problem in the interpretation of group mean orientation effects is discussed and illustrated with the use of a small set of hypothetical data. Second, the issue is further examined by using performance data from an experiment based on a recognition memory task used in several previous studies to test predictions of the multiple-views hypothesis. These data are used to illustrate how this limitation of standard analyses of group mean performance can be addressed through a detailed analysis of the underlying data.
An analysis involving hypothetical data
Consider the small set of idealised hypothetical data shown in table 1. Table 1 . Hypothetical data (RTs in arbitrary units of time) from a recognition memory task. The practice orientations are at 0°, 120°, and 240°; the means for these orientations are shown in italics. 30°   220  460  700  460   700  220  460  460   460  700  220  460   460   60°   340  340  820  500   820  340  340  500   340  820  340  500   500   90°   460  220  700  460   700  460  220  460   220  700  460  460   460   120°   580  100  580  420   580  580  100  420   100  580  580  420   420   150°   700  220  460  460   460  700  220  460   220  460  700  460   460   180°   820  340  340  500   340  820  340  500   340  340  820  500   500   210°   700  460  220  460   220  700  460  460   460  220  700  460   460   240°   580  580  100  420   100  580  580  420   580  100  580  420   420   270°   460  700  220  460   220  460  700  460   700  220  460  460   460   300°   340  820  340  500   340  340  820  500   820  340  340  500   500   330°   220  700  460  460   460  220  700  460   700  460  220  460 The data represent the results from an imaginary experiment involving the basic recognition memory paradigm described earlier. The subjects are first trained to identify three novel shapes. During the training phase, each object is presented several times at three different practice orientations (0°, 120°, and 240°) in the image plane. In a subsequent test phase the same objects are presented for identification at both the practice orientations and several unfamiliar test orientations (30°, 60°, 90°, 150°, 180°, 210°, 270°, 300°, and 330°). The task is to identify each object as quickly and accurately as possible. The dependent variable is reaction time (RT). Table 1 shows the hypothetical RTs (given in arbitrary units) for three subjects (subjects 1, 2, and 3). A single data point (ie one response) is shown per item at each stimulus orientation. These data points could also be regarded as modal RT values for each item across several trials. Table 1 also shows the individual subject means (ie the RTs averaged across objects), and the group means, averaged across subject means.
The assumptions upon which the individual data points were calculated will be discussed in more detail later. For the moment, consider only the pattern of group mean RTs across stimulus orientations which is illustrated in figure 1. The group mean RTs show an orientation effect that is consistent with the multipleviews hypothesis; that is, RTs appear to increase as a function of the angular distance of the stimulus from the nearest practice orientation. It is also important to note that the same pattern is reflected in each subject mean, and that an item analysis (collapsing RTs across subjects for each object) would show the same pattern of mean RTs as the subject analysis.
Given a similar pattern of data in any actual experiment, statistical analyses performed on the subject and group mean RTs would most likely show significant orientation effects. However, such analyses could not be performed on these particular data since, for the sake of clarity, there is no variance across the subject means. Consequently, it is not possible to calculate a significance value by means of standard parametric tests (eg ANOVA).
In order to confirm that such data would yield significant orientation effects a statistical analysis was performed on an enlarged version of the original hypothetical data set. The enlarged set contained data for twelve hypothetical subjects. The individual data points for each item were identical to those shown in table 1. Variance was introduced by randomly increasing or decreasing the individual RTs by a constant proportion of their original values.
(2) The subject and group means showed the same overall pattern across stimulus orientations as the means in the original hypothetical data set. The subject and group means for the enlarged data set are shown in the appendix.
A one-way ANOVA on the enlarged data set showed a significant effect of stimulus orientation (F u 121 = 42.41, p < 0.0001). The pattern of group mean RTs across orientations was also highly correlated with the angular distance of the stimulus from the nearest practice orientation (r 2 = 0.98; F ll0 = 579.9, p < 0.0001) as predicted by the multiple-views hypothesis. These results confirm that a statistical analysis of a data set such as the one shown in table 1 would yield significant effects.
However, impressive as such results might seem when we consider group mean performance, the underlying data tell a very different story. This can be seen in table 1 by considering the individual data points across stimulus orientations for each item. The data points were calculated on the assumption that each object is aligned to a single orientation at a constant rotation rate or slope of 4 units time/ 0 . This is comparable to the range of slopes which have been taken as evidence for the use of a mental-rotation process in previous studies (eg Shepard and Cooper 1982; Tarr and Pinker 1989) .
(3) As can be seen from table 1, the item-specific patterns are quite different from the pattern reflected in the group means. In each case the RTs increase monotonically as a function of their angular distance from a single orientation.
This underlying pattern of results has important implications for the kinds of inferences that could be made from these data about the types of stored representations that mediate recognition in this task. While the group means suggest that subjects align the stimuli to the nearest practice orientation, as predicted by the multiple-views hypothesis, the underlying data do not. Rather, the item-specific patterns suggest that each object is aligned to a single canonical orientation, which, in this particular case, varies across subjects and objects.
What these hypothetical data show is that analyses based solely on group performance averages in recognition memory tasks may, under certain circumstances, obscure a different underlying pattern of results that is relevant to hypotheses about the kinds of shape representations that mediate recognition. In particular, this demonstration presents a challenge to previous studies which have reported group mean orientation effects that appear to be consistent with the multiple-views hypothesis.
An analysis involving actual performance data
The implications of this potential problem will now be further examined with actual performance data. The performance data come from a recognition memory task used by Tarr and Pinker (1989) . In several experiments involving this paradigm, they reported group mean orientation effects that were generally consistent with the multiple-views hypothesis. The present experiment has two aims: first, to replicate the pattern of results reported by Tarr and Pinker (1989) ; second, to examine whether an underlying pattern that is inconsistent with the multiple-views hypothesis could have been obscured in a standard analysis of group mean performance.
(2) The variability was generated by using a program that was run on the individual data points shown in table 1 expanded to twelve subjects. For each data point, the program generated a random number between 0 and 1. If the random number was greater than 0.5, the RT was increased by 5% of its original value. If the random number was less than 0.5, the RT was reduced by 5% of its original value. ( 3) The slope of the group means across stimulus orientations is 1.33 units of time/ 0 which is also close to the range of rotation rates reported in previous studies (eg Shepard and Cooper 1982; Shepard and Metzler 1988) .
Method 2.1 Subjects
Twelve subjects from the Universite Pierre Mendes France, Grenoble, participated in the experiment for course credit. All subjects had normal or corrected-to-normal eyesight.
Materials
The stimuli were the seven asymmetrical novel shapes used by Tarr and Pinker (1989) which are shown in figure 2.
Each stimulus was drawn with graphics software and scaled in size to fit within a 4 cm x 4 cm frame. One version of each stimulus was made at the following orientations in the image plane: 0°, 30°, 60°, 90°, 120°, 150°, 180°, 210°, 240°, 270°, 300°, and 330°. At the 0° orientation the axis with the short perpendicular foot at one end was parallel with the vertical axis of the screen. 
Apparatus
The experiment was run on a Macintosh Ilci computer, with Psychlab Version 0.91 software (Gum 1995) .
Design
The subjects were each randomly assigned to one of three groups. In each group three novel shapes were used as targets and four others as distractors. A different set of targets was used in each group: group A (shapes 1, 2, and 3), group B (shapes 2, 3, and 4), group C (shapes 3, 6, and 7). These target groups were the same as those used by Tarr and Pinker (1989) . There were four subjects in each group. The experiment consisted of an initial training phase (see below) and a recognition memory task in which the subjects had to identify three previously memorised target shapes presented at different orientations on a computer screen. The recognition memory task was run in four sessions. At the beginning of each session the subjects were shown fourteen randomly generated practice trials. This was followed by four blocks each containing ninety-six trials. In each block, the targets were presented eight times and the distractors once at the 0°, 120°, and 240° orientations. These will be referred to as the practice orientations. In session 4 there were five blocks. Block 1 contained forty-eight trials: each target was presented four times and each distractor once at the three practice orientations. In blocks 2 to 5 the targets and distractors were presented at the three practice orientations and also at nine surprise orientations of 30°, 60°, 90°, 150°, 180°, 210°, 270°, 300°, and 330°. These blocks will be referred to as the surprise blocks.
In each surprise block there were ninety-six trials. The targets were presented twice at each practice and surprise orientation, and each distractor was presented once at six of the twelve orientations. In total, across all four sessions, there were seventeen blocks, and each subject saw each target stimulus 132 times at each practice orientation and eight times at each surprise orientation.
Procedure
In session 1 the recognition memory task was preceded by a training phase lasting approximately 15 min. In the training phase the subjects memorised the three target shapes by tracing them at the 0° orientation five times on a blank piece of paper. They were also asked to memorise a number for each target (1, 2, or 3) . The subjects were then asked to draw each target from memory in response to its identification number. If any of the targets were drawn incorrectly, the inaccuracy was pointed out and the subject was asked to redraw the stimulus. This procedure was continued until the subjects had correctly drawn each target from memory twice in succession. After this, the subjects were shown sixteen practice identification trials presented on the computer screen. In these trials each target was presented three times and each distractor once at the 0° orientation.
In the recognition memory task the subjects were seated approximately 38 cm in front of the computer screen and asked to rest their heads in a chin rest for the duration of the experiment. The chin rest prevented inclinations of the head. Each trial began with the presentation of a 'ready' prompt in the centre of the screen. The prompt was automatically replaced after 500 ms with a blank interval lasting 750 ms. This was followed by the presentation of either a target or distractor stimulus. The task was to identify the stimulus by pressing one of four keys on a standard keyboard. There was one key for each target labelled 1, 2, or 3, and one key labelled "Non" (No) for the distractors. The stimulus remained on the screen until the subject responded or the RT exceeded a deadline of 6000 ms. If the subjects made an incorrect response, or did not respond before the deadline, an error message was presented on the screen accompanied by a short beep. The trials were randomised prior to the beginning of the experiment. Session 1 lasted approximately 1 h, and sessions 2-4 approximately 45 min.
Results
RT analyses were performed on correct responses to target-present trials in the four surprise blocks. Subject and item analyses were performed but the results of the item analyses will only be presented where they were significantly different from the results of the subject analyses. For each subject, there was a maximum of eight correct observations per target at each orientation collapsed across the four surprise blocks. The mean percentage of correct responses per target was 97.57% (7.8/8; SD = 0.0064).
Standard analyses of group mean performance
In order to reduce the potential bias caused by extreme values in certain cells median rather than mean subject RTs were calculated, collapsing across items (eg Takano 1989) . After this, the mean group RTs at each stimulus orientation were calculated (ie by averaging across median subject RTs). The pattern of mean group RTs across stimulus orientations is shown in figure 3 .
As can be seen from figure 3, group mean RTs appear to increase as a function of the angular distance of the stimulus from the nearest practice orientation. This pattern, consistent with the multiple-views hypothesis, is similar to the one reported by Tarr and Pinker (1989) and in the group mean RTs of the hypothetical data set shown in figure 1 .
A one-way ANOVA showed that there was a significant effect of stimulus orientation (F n l2l =10.08, p < 0.001). As in previous reports (eg Tarr and Pinker 1989) , the orientation effect was also examined by plotting the group mean RTs as a function of These results are consistent with the claim that the objects were aligned to the nearest practice orientation as predicted by the multipleviews hypothesis.
An analysis of error rates was performed on the data from the target-present trials. The error rates were very low: mean percentage error per subject across stimulus orientations was 2.32% (6.5/288 trials; SD = 2.87). Figure 4 shows the mean percentage error as a function of stimulus orientation.
The distribution of errors is similar to the pattern of group mean RTs shown in figure 3 , although a one-way ANOVA on the error rates with stimulus orientation as the repeated factor was not significant (F nm = 0.95, ns). Even so, the similarity of the error rate and RT patterns suggests that the orientation effect observed in the RT data cannot be accounted for by a speed/accuracy trade-off. 
Analyses of the underlying data
The results presented so far show that the pattern of group mean performance is consistent with the multiple-views hypothesis. However, as demonstrated earlier with the hypothetical data, it is possible that averaging RTs across subjects and objects may obscure an underlying pattern of item-specific effects that is inconsistent with this hypothesis. This possibility must be examined before any conclusions can be drawn from these data.
In the first place, we might suppose that any item-specific orientation effects in the underlying data would be revealed in a two-way ANOVA by subjects with objects and stimulus orientation as repeated factors. (4) . If the underlying data are consistent with the multiple-views hypothesis, that is, if each item is aligned to the nearest practice orientation, such an analysis should show significant main and simple effects of stimulus orientation. In contrast, if the underlying data are consistent with an alignment of each item to a single orientation that varies across subjects and objects, as in the hypothetical data set, significant simple effects of orientation are unlikely to be found because of the underlying variability.
(5) A two-way ANOVA of this kind performed on the enlarged hypothetical data set was consistent with this prediction: there was a significant main effect of stimulus orientation (F n 121 = 43.17, p < 0.0001) but no significant simple effects of orientation for any of the three objects.
The same analysis was carried out on the performance data. Since the items differed according to which of the three target groups the subjects were assigned (groups A, B, or C), separate analyses were performed on the data from each target group. In each group there was a significant main effect of stimulus orientation: group A, F llf33 =4.78, p < 0.001; group B, F u 33 = 4.68, p < 0.001; group C, F n 33 = 3.81, p < 0.001. A summary of the simple effects of orientation for targets in each group is shown in table 2. The simple effects were significant for only five out of nine items. In fact, in group C none of the items showed a significant effect. However, the results of this analysis are somewhat inconclusive because the absence of significant simple effects of orientation does not necessarily imply that the underlying data are inconsistent with the multiple-views hypothesis. It merely suggests that there is a relatively large amount of variability among items.
In fact, just as we cannot assume that the absence of significant simple effects of orientation necessarily implies that the underlying data are inconsistent with the multipleviews hypothesis, neither does the presence of significant simple effects necessarily imply that the underlying data are consistent with this hypothesis. Further simulations with other hypothetical data sets have shown that this assumption is not always valid. In one simulation, significant simple (and main) effects of orientation were observed by using this type of two-way ANOVA on a data set in which group mean performance was (4) The author is grateful to an anonymous reviewer for initially raising this possibility. (5) It is important to note that the main and simple effects of objects in this two-way ANOVA are uninformative on this issue. These effects only concern possible differences in RTs among objects irrespective of the patterns of RTs across stimulus orientations. consistent with the multiple-views hypothesis but the underlying data were not. The only difference between the underlying patterns in this simulation and those in the hypothetical data set shown in table 1 was that certain objects were more frequently aligned to one particular canonical orientation than any other orientation; that is, the canonical orientations across objects were unevenly distributed across the range of tested stimulus orientations/^ This suggests that this two-way-ANOVA technique may not provide a reliable indication of potential item-specific orientation effects in the underlying data.
The realignment analysis
An alternative way of examining the underlying data patterns was developed. This analysis is based on the following assumptions. First, if each item is aligned to a canonical orientation, then objects presented at their canonical orientation are likely to have the shortest RT since, by hypothesis, they could be recognised without the use of a time-consuming alignment process. Second, the time taken to identify objects presented at noncanonical orientations should increase as a function of the angular distance between the orientation of the stimulus and the putative canonical orientation (eg Jolicoeur 1985; Tarr and Pinker 1990) .
Given these assumptions, the following analysis was performed. The median RTs for each of the thirty-six target items (twelve subjects x three objects) were calculated. The practice orientation for each object which showed the shortest RT was assumed to be the canonical orientation for that item and was recoded as the 0° 'canonical' orientation. The RTs at adjacent orientations were then recoded as a function of their distance from this putative canonical orientation (eg if the fastest RT for subject 1, item 1 was at 90°, this orientation would be recoded as the 0° orientation and the median RT at 120° recoded as the 30° orientation and so on). The same procedure was applied individually to the data for each of the thirty-six items. The group mean RTs (averaging across objects) were then recalculated at each stimulus orientation. If the item-specific patterns in the performance data are consistent with the alignment of each stimulus to a single orientation, then the realigned group mean RTs should increase as a function of their angular distance from the 0° orientation. In contrast, if the underlying data are consistent with the multiple-views hypothesis, the pattern of realigned group mean RTs should remain similar to the one shown in figure 3 . The results are shown in figure 5. The pattern of realigned group mean RTs suggests that the objects were not aligned to a single canonical orientation. A one-way ANOVA across item means showed that there was a significant effect of stimulus orientation CF 11)385 = 8.0, p < 0.001) and the mean RTs were significantly correlated with their angular distance from the nearest practice orientation (r 2 = 0.63, F ll0 = 16.89, p < 0.01), as predicted by the multipleviews hypothesis. The regression slope was 2.32 ms/° (431%). In contrast, the realigned mean RTs were not significantly correlated with their angular distance from the 0° orientation as we would expect if each object had been aligned to a single orientation (r 2 = 0.04, F ll0 = 0.45, ns). The realignment analysis was also performed separately on the data from the items which failed to show significant simple effects of stimulus orientation in the two-way ANOVA reported earlier (see table 2). A one-way ANOVA on the realigned data for these items showed a significant effect of stimulus orientation (F u 165 =3.74, p < 0.0001). As predicted by the multiple-views hypothesis, the realigned mean RTs were also significantly correlated with their angular distance of the stimulus from the nearest practice orientation (r 2 = 52.9, F ll0 = 11.22, p < 0.01) but not with their angular distance from the 0° orientation (r 2 = 0.03, F ll0 = 0.34, ns). These analyses of the underlying data rule out the possibility that a different theoretically relevant pattern of item-specific effects was obscured in the analysis of group mean performance. More specifically, they provide additional evidence that the objects used in this study were aligned to the nearest practice orientation as predicted by the multipleviews hypothesis.
General discussion
The main points of this paper can be summarised as follows. First, it was demonstrated that averaging RTs over subjects and objects in recognition memory tasks that manipulate stimulus orientation can potentially obscure a different theoretically relevant underlying pattern of item-specific orientation effects. This problem has important implications for the kinds of inferences that can be made from group mean performance about the types of shape representations that mediate recognition. In particular, it was shown that, at least under certain circumstances, while group mean RTs may appear consistent with the encoding of multiple orientation-specific representations, the underlying item-specific patterns may actually be consistent with an alternative possibility that subjects align the stimuli to a canonical orientation that varies across subjects and objects.
Second, this problem was further examined by using performance data from a recognition memory task that has been used in several previous studies to examine orientation effects in visual recognition. The results, based on a standard analysis of group mean performance and a detailed analysis of the underlying data, were consistent with the multiple-views hypothesis.
Wider implications
Given that the results of this experiment showed that a similar pattern of orientation effects was observed in both the group mean performance and the underlying data, one might argue that future studies of orientation effects involving similar recognition memory tasks need not be concerned about the potential limitation of analyses based solely on group performance averages that was illustrated in this paper. However, such a conclusion would, at best, be premature.
At present the specific factors that determine the kinds of shape representations that are encoded and accessed in the course of visual recognition remain the subject of considerable debate (eg Biederman and Gerhardstein 1993; Leek 1998; Murray et al 1993; Palmer 1989; Tarr and Pinker 1989, 1990; Wiser 1981 ). For example, there is evidence that the effects of stimulus orientation on recognition performance depend on several different stimulus and task variables. These include the familiarity of particular object orientations (eg Leek 1998; Rock 1973; Tarr 1995; Tarr and Pinker 1989) , the geometric structure of the stimuli (eg Biederman and Gerhardstein 1993; Palmer 1989; Takano 1989; Tarr and Pinker 1990; Wiser 1981) , and whether the task requires classification at the superordinate, basic, or subordinate level (Biederman and Gerhardstein 1993; Hamm and McMullen 1998) .
Given this situation, future studies should not be constrained by prior assumptions about the kinds of orientation effects that are likely or unlikely to be observed either at the level of group mean performance or the underlying data. Indeed, it could have been the case in the present experiment that a different underlying pattern of results would have been observed had a stimulus set with different structural properties been used. As shown with the hypothetical data presented earlier, analyses based solely on group mean performance may not only lead to incorrect inferences being made about the kinds of representations that mediate the recognition of particular objects, but could also obscure data patterns that may be theoretically relevant to hypotheses about the nature of the representations that are encoded and accessed in the course of recognition.
Even so, one might also challenge the relevance of the issue raised in this paper on the grounds of plausibility. In the hypothetical data set presented earlier it was assumed that the canonical orientation of at least certain kinds of visual stimuli may vary across subjects and objects. Although this particular scenario was presented merely to illustrate a potential limitation of analyses based solely on group mean performance, if one could show that these kinds of item-specific patterns are unlikely to be observed in any actual experiment, one might argue that this problem is irrelevant to future research.
One weakness of such an argument, as implied earlier, is that it is not immediately obvious on what grounds one could defend such an assumption about the kinds of orientation effects that are likely to be observed in future studies. Moreover, very few previous studies of orientation effects involving similar recognition memory tasks have provided the kinds of analyses that are necessary for examining whether subjects ever encode the sorts of canonical representations that are implied in the underlying item-specific patterns of the hypothetical data set.
In fact, although there is evidence that the canonical orientation of certain kinds of objects is relatively consistent across subjects (eg Jolicoeur 1985; Palmer et al 1981) , there is also evidence that the canonical orientations of other types of stimuli may vary across subjects and objects. For example, Cutzu and Edelman (1994) used a recognition memory task to examine the effects of stimulus orientation on the identification of unfamiliar three-dimensional 'wire-frame' objects. Unlike in most previous studies, they presented a detailed subject-by-subject analysis of the orientation effects observed for specific stimuli. The results showed that, while the objects were often identified more quickly from a single specific orientation, there was no evidence for the existence of universally valid canonical views. Interestingly, Cutzu and Edelman (1994) also make the point, as argued in this paper, that this potentially relevant variability in the underlying data patterns would have been obscured had they restricted their analyses to performance averages computed across subjects.
In summary, it is argued that analyses of orientation effects based solely on group mean performance may potentially obscure a different theoretically relevant underlying pattern of results. In particular, it was shown that while group mean orientation effects may appear to be consistent with the alignment of objects to the nearest stored orientation, as predicted by the multiple-views hypothesis, the underlying data may actually be consistent with an alternative hypothesis that objects are aligned to canonical orientations that vary across subjects and objects. It is argued that this potential problem with analyses of group mean performance must be addressed in future studies that use orientation effects to make inferences about the different kinds of shape representations that mediate visual recognition.
